Purpose Chemotherapy-induced peripheral neuropathy (CIPN) and obesity are prevalent in cancer survivors and decrease quality of life; however, the impact of the cooccurrence of these conditions has garnered little attention. This study investigated differences between obese and nonobese cancer survivors with CIPN and predictors of symptom burden and pain. Methods Patients with CIPN were administered the MD Anderson Symptom Inventory and a modified version of pain descriptors from the McGill Pain Inventory. Independent t tests assessed group differences between obese and nonobese survivors, and linear regression analyses explored predictors of patient outcomes. Results Results indicated a significant difference in symptom severity scores for obese (M = 32.89, SD = 25.53) versus nonobese (M = 19.35, SD = 16.08) patients (t(37.86) = −2.49, p = .02). Significant differences were also found for a total number of pain descriptors endorsed by obese (M = 4.21, SD = 3.45) versus non-obese (M = 2.42, SD = 2.69) participants (t(74) = −2.53, p = .01). Obesity was a significant predictor of symptom severity and total pain descriptors endorsed. Other significant predictors included age and months since treatment. Conclusions Cancer survivors with CIPN and co-occurring obesity may be more at risk for decreased quality of life through increased symptom severity and pain compared to non-obese survivors. This paper identified risk factors, including obesity, age, and months since treatment, that can be clinically identified for monitoring distress in CIPN patients. Future research should focus on the longitudinal relationship between obesity and CIPN, and robust interventions to address the multifaceted issues faced by cancer survivors.
Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) is a known side effect of therapeutic drugs commonly used in the treatment of cancer, including platinum-based compounds, taxanes, vinca alkaloids, bortezomib, and thalidomide. Symptoms of CIPN include sensory, autonomic, and motor difficulties, the most prominent of which is a sensory pain characterized by burning, tingling, and numbness, occurring most often in the hands and feet. There are, at present, no established agents for prevention of CIPN [1, 2] , and so dose reduction and cessation of treatment are often the only options for prevention of severe CIPN. The estimated prevalence of CIPN ranges from 30 to 68.1% based on a variety of factors, including the timing of measurement and the chemotherapy drug used [1, 3] . Chemotherapy-induced peripheral neuropathy can persist after treatment has ended, effectively becoming a chronic issue for many patients [4] [5] [6] . It is negatively associated with health-related quality of life (HRQoL) [1, 5, 7] and has been shown to have a detrimental impact on survivors' physical and mental health, as well as cognitive functioning, completion of activities of daily living, sleep, and social wellbeing [6, [8] [9] [10] .
Obesity, defined as a body mass index (BMI) of 30.0 or greater, is another common risk factor for poor HRQoL in cancer survivors. This finding extends to a variety of cancer populations, including colorectal, breast, and prostate cancer survivors and in racial/ethnically diverse samples [11] [12] [13] [14] [15] [16] . In their study of prostate cancer survivors, Sanda and colleagues showed that obesity in patients who had undergone either a prostatectomy or radiotherapy was related to lower quality of life scores associated with vitality or hormonal function [14] . In addition to poorer quality of life in relation to physical outcomes, Connor and colleagues also found obesity to be significantly associated with decreased mental health in a sample of Hispanic and non-Hispanic white breast cancer survivors [13] . Across medical populations, obesity and pain are highly comorbid [17] . In addition, higher BMI is associated with poorer quality of life and functional capacity in individuals with chronic pain syndromes such as fibromyalgia, lower back pain, and arthritis [18] . Furthermore, obesity can complicate the pain experience through its relation to greater painrelated distress and pain sensitivity. When obesity and pain cooccur, HRQoL is impacted to a greater extent than when either occurs in isolation [19] .
Although there has been a great deal of research on the cooccurrence of obesity and chronic pain syndromes and its impact on HRQoL, there is a dearth of information on the co-occurrence of obesity and CIPN in cancer survivors. Both obesity and CIPN have been shown to independently impact quality of life in this population, but it is unknown whether their co-occurrence leads to a greater risk for distress. This study seeks to address this question by exploring the extent to which obesity status is related to the experience of CIPN and overall symptom burden in cancer survivors. Understanding the cumulative effect these frequent comorbidities have on cancer survivors is important for identifying and targeting those survivors most at risk for poor HRQoL. The roles of other potentially relevant demographic, behavioral, and medical predictors with the co-occurrence of obesity and pain are also explored.
Methods

Study design and participants
The cross-sectional data used for this study were collected as part of a larger parent study examining the feasibility of using quantitative sensory testing procedures for CIPN. Other relevant demographic and medical data were collected via electronic chart review. Patients for the parent study were recruited through either the Pain Management Service or the Leukemia, Myeloma, Breast, Gastrointestinal, or Lung Clinics at the University of Texas MD Anderson Cancer Center. The subsample for this study included male and female participants with various cancer diagnoses who had developed neuropathic pain as a consequence of cancer therapy with either vinca alkaloids, taxanes, bortezomib, thalidomide, or platinumbased compounds. While all participants had CIPN, clinical diagnosis of this issue by a referring provider was not standardized. Data for this study were collected via self-report measures and clinical chart review.
Measures
Primary outcomes were patient reported and included symptom severity, symptom interference, and descriptors of pain experience.
MD Anderson Symptom Inventory
The MD Anderson Symptom Inventory (MDASI) is a patient-reported outcome measure which evaluates multiple cancer treatment-related symptoms. It includes a total of 19 items, 13 of which comprise a symptom severity subscale and 6 of which comprise a symptom interference subscale [20] . For the symptom severity subscale, patients are asked to rate how severe various cancerrelated symptoms (e.g., fatigue, nausea, disturbed sleep) have been for them in the past 24 hours on a 0-10 numeric rating scale with 0 being Bnot present^and 10 being Bas bad as you can imagine.^For the symptom interference subscale, patients are asked to rate how much their symptoms have interfered with various domains of functioning (e.g., work, relations with other people) in the past 24 hours on a 0-10 numeric rating scale with 0 being Bdid not interfere^and 10 being Binterfered completely.^The mean interference items score can also be used to indicate overall symptom burden. Reliability, as evaluated through internal consistency, for the MDASI was shown to be high with Cronbach's alpha = 0.85 for the severity factor and 0.91 for the interference factor in the initial sample, and 0.87 and 0.94, respectively, in the cross-validation sample [20] .
McGill Pain Questionnaire descriptive items A modified list of pain descriptors derived from the McGill Pain Questionnaire [21] was used to evaluate the descriptive nature and extent of the participants' pain. Descriptors listed included drilling, stabbing, sharp, squeezing, tugging, tearing, dull, splitting, tingling, itching, hot, burning, cold, numb, spreading, flashing, flickering, throbbing, shooting, and electric. Participants were asked to circle all words listed that described their sensation of pain.
Analyses
Standardized forms and procedures were used to collect data, which were double entered into Microsoft Excel to ensure accuracy. The data were analyzed with R statistical software, version 3.3.1 [22] for all analyses, and listwise deletion was used for missing data. Independent two-sample t tests and Welch two-sample t tests (when variances were unequal) were used to assess mean differences between obese (BMI ≥ 30) and non-obese (BMI < 30) participants on the symptom severity and symptom interference factors of the MDASI as well as the sum score of pain descriptors endorsed. Linear ordinary least squares regression analyses (for continuous outcomes) and negative binomial regressions (for categorical outcomes) were then conducted to further explore demographic and behavioral predictors of the above outcomes.
Results
Participant characteristics
A total of 86 patients were included in this investigation, with an average age of 58.91 (range = 31-83). A majority of patients were female (58%) and white (72%). The average BMI was 28.98 (range = 19.47-51.12). Just over half of the samples fit the obese criterion. Most participants had a myeloma diagnosis. Full sample characteristics can be found in Table 1 . On average, there was 1.86% of missing data with obesity having the largest amount of missing data (11.6%). t tests and chi-square tests comparing demographic characteristics between those with missing data and those without showed no significant differences.
t tests for obese versus non-obese participants
Welch two-sample t test results indicated a significant difference in the mean symptom severity score for obese (M = 32.89, SD = 25.53) versus non-obese (M = 19.35, SD = 16.08) patients (t(37.86) = −2.49, p = .02), but not for symptom interference. Independent two-sample t test results also showed a significant difference for a total number of pain descriptors endorsed, with obese participants reporting nearly double the number of descriptors (M = 4.21, SD = 3.45) as non-obese participants (M = 2.42, SD = 2.69) (t(74) = −2.53, p = .01).
Regression results for MDASI and pain constructs
Regression analysis results indicated that obesity was a significant predictor of symptom severity (B = 13.893, p < .01) as well as total pain descriptors endorsed (B = 1.680, p < .05), but not symptom interference. Age was a significant predictor for both symptom interference (B = −0.442, p < .01) and total pain descriptors endorsed (B = −0.068, p < .05), while months since treatment was a significant predictor of all three outcomes (B = 0.432, p < .01; B = 0.328, p < .01; and B = 0.059, p < .01). See Table 2 for full regression results for these outcomes. Unstandardized beta coefficients and standard errors have been provided for all analyses, but for this table, standardized beta coefficients have also been provided to increase interpretation across measures.
Regressions for predictors of individual items of the MDASI were investigated. Eleven out of the 19 items included on the MDASI were considered relevant for the current research objective. Full results from these regressions are shown in Tables 3 and 4 interference subscale, including mood (B = 0.018, p < .05) and walking (B = 0.017, p < .05).
Regressions for predictors of pain descriptors thought to be most relevant to the sensory experience of CIPN were also assessed. Specific descriptors included as outcomes were tingling, burning, and numb. Months since treatment were found to be a significant predictor for all three descriptors (B = 0.939, p < .05; B = 0.088, p < .05; and B = 0.556, p < .01).
Discussion
Results from this study indicate that obese cancer patients with CIPN experience higher levels of disease burden in the form of symptom severity as well as pain. This may increase their risk for treatment-related distress as well as decreased quality of life. Age was found to negatively predict symptom interference and pain, such that younger patients were found to endorse greater symptom interference for mood, relationships, walking, and work. Although age was not a significant predictor for the MDASI symptom severity subscale, it was for the individual pain item included in this factor. These findings align with previous research showing that younger survivors often experience greater levels of symptom occurrence, severity, frequency, and distress as well as lower quality of life [23] [24] [25] . Researchers have hypothesized many reasons for this relationship. For example, it has been suggested that younger patients are more likely to receive more aggressive therapies associated with greater side effects [24, 25] . This choice may be related to younger patients having fewer comorbidities or better levels of overall health at the start of treatment as compared to older patients. Additionally, disease-or age-related disability may be more normative in older populations; therefore, the disease-related burden and pain caused by cancer and its treatments may be perceived as more severe or interfering for younger survivors. This may be particularly felt in relation to social or vocational roles in which younger survivors are still active. Finally, older adults who have encountered other Table 3 Unstandardized beta coefficients and standard errors from respective negative binomial models with relevant MDASI severity items as dependent variables health-related difficulties prior to their cancer diagnosis may have more experience coping with disease-related symptoms and distress than younger patients [25] . The number of months since the patient's last chemotherapy treatment was also a significant predictor of both MDASI subscales, symptom interference, and symptom severity, as well as pain. While it is well known that cancer treatments can have long-term side effects, previous research has shown mixed findings for ongoing, post-treatment increases in disease-related symptom burden and distress [26] [27] [28] [29] . In long-term lung cancer survivors, increases in symptoms of pain and dyspnea were found over a 7-year period, although overall HRQoL did not show a clinically meaningful decline [26] . The trajectory of symptom burden after treatment may depend on the type of treatment the patient received, their premorbid functioning, and the symptom of interest (i.e., physical vs. mental functioning). The positive relationship found in this study does highlight the ongoing nature of treatment-related burden, which some survivors face long after active treatment has ended. It also emphasizes the critical nature of understanding long-term survivorship issues and the impact that they have on day-to-day life for cancer survivors. It should be noted that neither smoking nor diabetic status was found to be a consistently significant predictor; however, sample size was low for both of these variables, and therefore, there might not have been enough power to detect possible effects. This is the first study to look at the impact of comorbid CIPN and obesity in cancer survivors. While individually both of these factors have a negative effect on functioning and HRQoL in this population [5, 7, 13, 15] , this study demonstrates the differential impact on symptom severity, symptom burden, and pain in obese versus non-obese CIPN patients. Despite this study's strengths, there were limitations. The cross-sectional design and lack of randomization prevents any claims of causality from these findings. Additionally, the relatively small sample size limits the generalizability of our findings. Studies using a longitudinal design would allow for the modeling of weight, pain, and HRQoL trajectories over time so that the dynamic nature of the constructs and their interactions could be better understood. A larger more diverse sample would improve the generalizability of the findings and allow for investigation of further group differences that may impact these relationships or disparities that might exist; that the majority of patients in this study are myeloma patients is a limitation of generalizability. Diagnoses of CIPN were made by referral physicians, and therefore, clinical measurement was not standardized in this sample. Overall, there is little consensus on the best clinical method for measuring CIPN, and this is therefore an overall limitation to this field of research [4, 30] . Other data collected, including symptom severity, symptom interference, and pain, were all self-reported and therefore subject to bias/measurement error but currently represent the best practice for assessment of these constructs.
These findings have broad implications for clinical practice as well as future research. Results indicate that obese patients with CIPN may experience higher levels of symptom severity and pain, both of which can increase their risk for treatmentrelated distress as well as decreased quality of life. In addition to patients' obesity status, their age and months since last chemotherapy treatment were also shown to be important predictors in various patient outcome measures. These results indicate certain patient characteristics that may point to higher risk for distress and symptom burden. Monitoring these higher-risk groups may allow for targeted, more efficient intervention and symptom management, ameliorating negative outcomes often faced by survivors. Future research should utilize longitudinal designs so that the dynamic relationship between obesity, CIPN, and distress can be better understood. This research should then inform the development of interventions that can simultaneously target these comorbid factors. Specifically, researchers should focus on how the timing and extent of these conditions affects the co-occurrence and severity of future conditions. For example, are patients who are obese before they receive chemotherapy more likely to experience CIPN, HRQoL issues, and greater symptom burden? Understanding the timing of these relationships could help identify optimal time points for intervention (or preinterventions for chemotherapy) as well as delineate the potential iatrogenic effects of chemotherapy.
Research regarding the co-occurrence of other pain conditions and obesity has recommended robust, multitargeted interventions that can help to manage not only these particular outcomes but also the distress and disability that often accompany them [17] [18] [19] . Physical activity and lifestyle interventions with cancer survivors have been shown to be efficacious for both weight [31, 32] and pain management [33] , as well as improving HRQoL [34] [35] [36] . Evidence is emerging that physical activity is effective in ameliorating CIPN symptoms in particular [37, 38] . Interventions using components of cognitive behavioral therapies have also been successful in targeting a range of issues pertinent to cancer survivorship [39, 40] , including weight management [40] , pain [41, 42] , and HRQoL [43, 44] . Given the efficacy of these interventions for treating obesity and pain in cancer survivors, one potential intervention that could prove highly effective is a multicomponent CBT and physical activity intervention for obese cancer survivors with CIPN.
